Research has shown that low birth weight is linked to infant mortality as well as longer term outcomes. This paper examines the medium term outcomes that may link low birth weight to adult disadvantage. Results show strong effects on several educational outcomes, including early grade repetition, receipt of special education services, and diagnosis of a learning disability. Results for longer term outcomes are suggestive, though less robust and small in magnitude. Overall, the results suggest that medium term educational disadvantages associated with low birth weight are not driven by family level unobservables and do not accumulate into large long-term disadvantage.
Introduction
There is strong consensus that low birth weight babies experience higher short term mortality as well as other early decrements to health, though results using within twin variation often find smaller effects than the cross-sectional evidence (Almond et al. 2005 , Oreopoulos et al. 2008 , Black et al. 2007 ). There is also evidence of long run effects of low birth weight on important adult outcomes such as completed education and labor market success, although the magnitudes of the effects often become much smaller when controlling for family fixed effects (Currie and Hyson 1999 , Behrman and Rosenzweig 2004 , Black et al. 2007 , Oreopoulos et al. 2008 , Royer 2009 ). Currently, almost nothing is known about the potential medium-term outcomes of low birth weight using sibling fixed effects. Although papers such as Corman and Chaikand (1998) show a cross-sectional association between medium term education outcomes and low birth weight, since results using family fixed effects are often vastly different than baseline results, it is difficult to interpret most current findings in the literature. Recently, Oreopoulos et al. (2008) used sibling comparisons to examine some outcomes that may be described as medium term, such as a test score at grade 12 and whether an adolescent has reached grade 12 by age 17 for Canadian adolescents. Similarly, Black et al. (2007) examine IQ measured at age 18 for Norwegian male twins. Still, important earlier health and educational outcomes, especially outcomes for school-age children, have not been sufficiently explored in due in large part to data limitations. 1 Providing a further understanding of the process by which low birth weight may lead to poor adult outcomes could help to shed additional light on interventions that may 1 Conley et al. (2003b) attempt to use sibling comparisons in the PSID for intermediate outcomes but are limited by small sample sizes (~100 observations) and thus suggest further research is needed.
effectively reduce the costs of low birth weight. While the US government has implemented a number of policies to improve the health of infants and young children, such as the Women, Infants, and Children Program (WIC), often these programs expire early-at age 5 in the case of WIC. It may be useful to extend services to children with poor health as they age and attend school to further blunt any lasting effects of poor infant health. In contrast, it might be the case that the effects of low birth weight are relatively short term in nature and additional interventions may be unnecessary.
Most recent examinations of the effects of low birth weight take advantage of large administrative databases of twins and siblings; although this type of data allows precise estimates of effects due to the large sample sizes available, the range of outcomes that can be examine is often limited, especially outcomes occurring in childhood and adolescence. This paper uses a national sample of adolescents that includes a large subsample of siblings who are followed into young adulthood to provide new evidence of the medium term effects of low birth weight. Findings suggest important links between low birth weight and several educational outcomes, such as early grade repetition, receipt of special education services, and having a learning disability. However, these effects of low birth weight do not seem to accumulate and lead to substantial disadvantage as a young adult for this sample.
Previous Literature
There are large literatures in the social and medical sciences that examine the immediate health effects of low birth weight, such as infant mortality, and a complementary literature that then estimates the long term effects of low birth weight on adult outcomes such as years of completed schooling and labor market outcomes.
However, less is known about the intervening 15-20 years of intermediate health and educational outcomes that may link poor infant health measures such as low birth weight with adult disadvantage. This paper seeks to begin to fill in this void but will first outline some of what is known about the effects of low birth weight on infant and adult outcomes.
There are large literatures in the medical and social sciences linking low birth weight and other poor infant health measures with infant mortality and health costs. One issue with much of the evidence in the medical literature is that omitted variables may increase the estimated effects of low birth weight. Thus, recent work in the social sciences has used siblings and twins data in order to control much of the shared environment of children. For example, Almond et al. (2005) shows that traditional estimates imply that a standard deviation increase in birth weight would reduce hospital costs by 0.5 standard deviations, reduce infant mortality by 0.4 standard deviations, and increase APGAR scores by 0.5 standard deviations. Using twin data, which controls for mother heterogeneity, reduces the effects to 0.08, 0.03, and 0.03, respectively, though these are still important effects.
2 However, one limitation of research focusing on twins is that they tend to have lower weight than the average singleton birth. More recent work by Oreopoulos et al. (2008) confirm findings from Almond et al. (2005) that low birth weight effects on infant mortality largely disappears using twin comparisons.
Similarly, Black et al. (2007) find no effects of birth weight on infant mortality in their sample of twins from Norway.
There is also a large and growing body of evidence of the longer term effects of birth weight in the literature. Behrman and Rosenzweig (2004) show for a sample of female twins from Minnesota that increases in birth weight of one pound are correlated with a 1/3 rd year increase in completed years of school. Interestingly this effect is shown to be stronger using a within-twin estimator. Using siblings from the PSID dataset, Conley et al. (2003a) find that low birth weight effects the likelihood of high school graduation and again finds the within-sibling effects to be larger than the between estimator. In the Norwegian context, Black et al. (2007) show evidence that low birth weight is correlated with education outcomes and earnings using twin comparisons.
Royer (2009) (2008) is limited in that their data contains very few family level characteristics (marital status and mother's age at birth) so that they are forced to merge data at the neighborhood level, such as income The authors note that a study by Mustard et al. (1999) shows that the correlation between neighborhood income and household income is 0.435.
weight and performance on a language arts test at grade 12-low birth weight vs. birth weight above 3,500 grams is associated with a decrease of 0.23 standard deviations, though the effects are not significant after controlling family fixed effects. The authors also examine the effects of low birth weight on reaching grade 12 by age 17, and find that low birth weight reduces reaching grade 12 by 8 percentage points relative to children with birth weights of 3,500 grams or more. The authors find no association with social assistance take-up once family controls are added. They find little evidence that low socioeconomic status (SES) kids fair worse, but their measures of SES are based on neighborhood rather than family SES.
While these papers have made important contributions to the literature, many questions remain. Are there effects of low birth weight during early childhood and adolescence?
In particular, what events or outcomes that occur between the ages of 2 and 18 may be responsible for the estimated effects of low birth weight found in some parts of the literature? This paper is able to contribute to knowledge of some of these potential intermediate-term effects of low birth weight for several educational and health outcomes using a national sample of adolescents from the US, including a subsample of siblings.
While administrative data is typically used, the use of survey information allows richer outcome variables to be examined as well as a more complete set of individual and family characteristics.
Data and Empirical Methodology
The data for this study come from the restricted version of the National Over 20,000 students completed the Wave 1 in-home survey in 1994-95, and over 14,000 students have been followed longitudinally. The survey collected information from over 5,000 individuals who had a sibling or twin who was also surveyed. Birth weight, which is retrospectively reported by the respondent's parent in a separate survey collected at Wave 1 5 , is available for 12,400 individuals in the follow up sample and 3,500 of the sibling/twin subsample.
Descriptive statistics are provided in Tables 1 (full sample) and 2 (sibling sample). Descriptive statistics separated by twin or sibling status are provided in Table   2A in the appendix. Table 1 shows the average birth weight for this sample is over 3,250 grams and that 11 percent of the sample is classified as low birth weight, which is defined as birth weight less than 2,500 grams. Royer (2009) shows that for California births of singleton females between 1960-1982, the average birth weight was 3,298 grams, and the proportion of low birth weight was 5 percent. A small proportion, 2%, was classified as very low birth weight (<1,500 grams) in the Add Health sample-Royer (2009) also shows a small proportion of very low birth weight babies (<0.03% for female singletons and 3.3% of female twin births). This low proportion in the Add Health survey could partially be explained by selective mortality, since the survey was collected only for children who were alive and in grades 7-12 in 1994 7-12 in -5. Black et al. (2007 shows that infant mortality from low birth weight likely bias estimates on adult outcomes downward. The empirical analysis follows much of the literature by using a series of OLS specifications that attempt to capture unobserved heterogeneity at the environmental and/or family levels by using the design of the survey, which includes multiple individuals from the same school and individuals in the same family.
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First, baseline regressions are estimated:
where outcome y of respondent i in school s from family f is a function of birth weight , with or without controlling for a set of individual and family level characteristics (x), including age, race, gender, birth order, number of siblings, family income, parental education, age, and health, and grade-level (cohort) fixed effects. Next, environmental factors are controlled by using school-level fixed effects along with a rich set of control variables:
Finally, family fixed effects are controlled and the z vector is a subset of individual level characteristics that varies within families, such as age, gender, and birth order:
("You were spiteful or vindictive") is not a DSM-IV ADHD symptom and was excluded from analyses; while 1 DSM-IV impulsivity symptom ("Often interrupts or intrudes on others") was not included in the retrospective ADHD section. Thus, the analyses included responses to 9 inattentive and 8 hyperactive/impulsive symptoms. Following Kollins et al. (2005) as well as community based samples (Murphy and Barley 1996) , a symptom was considered present if it was experienced "often" or "very often." See Fletcher and Wolfe (2008) for further details of the ADHD measure. 10 Height is self reported at wave 1 (adolescent) but measured at wave 3 (young adult). 11 While the sample is from a nationally representative survey, weights are not used for the empirical models because weights are not available for the sibling sub-sample. Table 3A in the appendix. Results show that the unadjusted difference in the likelihood of having a learning disability between low birth weight babies and normal weight babies is 5 percentage points, which shrinks to 3.8 percentage points after controls and school fixed effects are used, though this still represents a nearly 33% increase in the likelihood of this outcome. The next set of results show no evidence of differences in AD/HD status by low birth weight status. For special education receipt, the unadjusted difference is 4.9 percentage points, which shrinks to 3.9 points with controls and school fixed effects-a nearly 50% increase .
Results
Following Oreopoulos et al. (2008) , I also examine grade repetition outcomes. As discussed earlier, Oreopoulos et al. has a rough measure available (whether the individual reached grade 12 by age 17). The authors show that low birth weight reduces this measure by 8-20 percentage points using sibling and twin differences. Another limitation with these results is that it is unknown when the grade repetition occurs, so that it is unclear whether the effects of low birth weight occur over the short or long term. The results in this paper show an unadjusted increase in grade repetition of 9 percentage points, which is reduced to a 4 percentage point reduction after controls are used-recall that the proportion of individuals who report a grade repetition for the sample is 20%. In the next set of results, grade repetition is separated into early (grades K-5) and late (grades 6-12). The results indicate that the entire effect of low birth weight on grade repetition occurs in the early grades, with an adjusted estimate of 3.6 percentage points off of a base of 13%.
In Table 4 , I present estimates of the effects of low birth weight on the same medium term educational outcomes but using the sibling subsample, school fixed effects, and family fixed effects. Overall, the results are very similar to Table 3 , though often larger. 12 One exception is that special education receipt is no longer statistically significant when family fixed effects are controlled, though the magnitudes are very similar to previous estimates using school fixed effects (4.3 vs. 4.9 points). Thus, overall the evidence is strong that there are important intermediate-term educational and health disadvantages from being low birth weight, which are robust to controls for family level heterogeneity.
In Table 5 , I show results of longer term educational outcomes, including years of schooling completed, receipt of high school diploma, and test scores measured at wave 1 and wave 3. 13 These types of outcomes have been studied extensively in the literature, with Black et al (2007) showing relatively large effects of birth weight on adult IQ for Norwegian men (though the IQ scale range is 1-9) but Oreopolous et al. (2008) finding small effects on a language arts test at grade 12 for a Canadian sample, and Royer (2009) 12 Since the full and sibling samples are potentially different and moving to the sibling subsample changes the composition of the analysis sample, I test whether the baseline adjusted results are different between the full and sibling samples. I can only reject equality for learning disabilities (at the 8% level). 13 The Add Health Picture Vocabulary Test (AHPVT) is a computerized, abridged version of the Peabody Picture Vocabulary Test-Revised (PPVT-R). The AHPVT is a test of hearing vocabulary, designed for persons aged 2 1/2 to 40 years old who can see and hear reasonably well and who understand standard English to some degree. The test scores are standardized by age. Some psychologists interpret PVT scores as a measure of verbal IQ. Information on the test is provided online at http://www.cpc.unc.edu/projects/addhealth/files/w3cdbk/w3doc.zip.
finding small effects on years of schooling for US female twins. One limitation with the current study is that the respondents are surveyed conditional on appearing in grades 7-12 in 1994-5, so some individuals with low birth weight may have already dropped out of school. 14 A second limitation with the years of schooling measure is that some individuals have not yet completed their schooling at wave 3. Importantly, in the adjusted analyses, grade-level (cohort) fixed effects at wave 1 are controlled, which should partially alleviate these potential problems.
Like many previous studies, the results suggest small or no effects of low birth weight on high school graduation or years of schooling. The results for test scores at adolescence and young adulthood suggest modest reductions for low birth weight babies (less than a 1/15 standard deviation reduction in the school fixed effects models). When we examine the results in Table 6 , which shows the family fixed effects specifications, the estimates are similar in size but less precisely measured.
These findings suggest that the early to medium term educational disadvantages produced by low birth weight status do not seem to result in large educational disadvantages in young adulthood, as measured by years of schooling, receipt of a high school diploma and even achievement on a test of verbal IQ.
Finally, in Tables 7 and 8 Table 7 suggest that low birth weight babies are approximately 0.8 inches (2 centimeters) shorter in adolescence but only 0.5 inches (1.2 centimeters) shorter by early adulthood. Using a log(birth weight) specification to follow Black et al. (2007) produces very similar results (available upon request), ranging from 0.7 to 0.9 centimeters in height associated with a 10% increase in birth weight.
Results in Table 8 
Conclusions
This paper is one of the first papers to examine medium term effects of low birth weight on educational and health outcomes. Using a national sample of adolescents followed into early adulthood and a large subsample of siblings, I am able to follow much of the current research on the effects of low birth weight on life outcomes by using family fixed effects and tracking respondents over time. Long term outcomes such as years of schooling, high school graduation, and test scores largely match previous estimates in the literature, which suggest that long term educational and labor market effects of low birth weight status are likely small. However, this paper does show important medium term disadvantages for low birth weight babies, such as increases in learning disabilities, receipt of special education services, and early grade repetition. However, these early disadvantages appear to largely disappear by young adulthood.
Limitations with the data include few children with very low birth weights, potential measurement error from retrospective parental reports of birth weight, and selection into the survey of individuals in school in grades 7-12 in 1994 7-12 in -5. Black et al. (2007 show larger effects on adult height and IQ as well as infant mortality for children with birth weights below 1200 grams. Since the Add Health sample has noisy information for birth weights below 1300 grams, this paper is not able to adequately examine this important health indicator. The sample is also conditional on being in school during 1994-95. Although grade (cohort) fixed effects are controlled in the analysis, it could be the case that low birth weight babies have already dropped out of school so that the results on years of schooling and high school diploma receipt are too conservative. 15 However, the long term results are very small in magnitude, so the sample selection bias would need to be severe to overturn the current estimates.
These limitations should be balanced with the many advantages of the data, including following a large national sample of adolescents, including a large subsample of siblings. The survey is also able to overcome the limitations with previous research that has relied on administrative data and the relatively small number of outcomes (and individual characteristics) available in administrative data. Thus, this paper provides a first look into the medium term educational and health consequences of low birth weight.
The results are largely robust to the inclusion of school fixed effects as well as family fixed effects. Overall, the results suggest that several important medium term educational disadvantages, such as learning disabilities, receipt of special education, and grade repetition, are associated with low birth weight and are not driven by family level unobservables but do not seem to accumulate into large long-term disadvantage.
15 Results presented in Appendix 
